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25
The study of corrosion effects is crucial for a better understanding of the structural behaviour of 26 existing impaired concrete structures and, therefore, for their durability assessment. Effects such 27 as the loss of bond between concrete and steel reinforcement, reduction of steel cross-section or 28 concrete longitudinal cracking due to rust expansiveness, which leads to splitting stresses on the 29 surrounding concrete, have been widely studied [1] [2] [3] [4] . However, other local corrosion effects that 30 lead to a steel mechanical behaviour changes [5] [6] [7] [8] [9] [10] [11] are relevant too. Both pitting and 31 generalized corrosion of steel reinforcement bars lead to a change in the cross-section geometry.
32
These changes turn into local effects in steel cross-section such as non-uniform stress distribution 33 due to both stress localization in the top of the pits and local bending due to the centre of gravity 34 displacement.
35
On the other hand some modern production systems, such as TEMPCORE ® production system,
36
produces a heterogeneous material properties throughout the steel cross-section; being the 37 apparent σ-ε characterization of the bar, the mean response of the heterogeneous section.
38
Specifically annular distribution of the mechanical properties is defined for this steel manufacture 39 system [6, [12] [13] [14] [15] [16] [17] [18] , in which the outer layers resist more than the inner core. Consequently, due to 40 the non-uniform cross-section reduction of steel corrosion, the non-uniform stress throughout the 41 cross-section and the reduction of the bar capacity are emphasised.
42
In this work, an experimental study to define a realistic material distribution throughout the steel 43 cross-section was performed. Different specimens with reduced cross-section diameters were 44 tested using monotonic loads. After post-processing the experimental data, it was possible to 45 define the mechanical properties throughout the cross-section, i.e. the annular distribution of the 46 yielding and ultimate stresses.
47
Thereafter, a mechanical model to evaluate steel reinforcement corrosion effects on σ-ε and 48 fatigue curves is presented. The model takes into account the reduction of cross-section either 49 generalized or localized due to pitting corrosion. Pitting corrosion is considered by means of a 50 notch in the cross-section, associated with a degree of corrosion. Generalized corrosion is taken 51 into account by means of the critical cross-section definition, in which a double steel cross-52 section reduction is performed; a reduction due to the corrosion penetration (generalized 53 corrosion) besides a notch. In both cases, notches are described as perfect ellipses, further details 54 are provided.
55
On the other hand, material heterogeneity in the cross sections due to current production systems Table 2 .
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(1) ∑ · = ·
116
The final profile of the elastic limit and ultimate strength along the cross-section is described in 117 Figure 4a , and the idealized σ-ε curve for each crown is described in Figure 4b . The measured capacity of the specimens, on which only the ribs were removed, resulted higher 120 than that of measured considering the whole bar. The influence of the ribs in the sectional 121 behaviour resulted in a reduction of the mechanical properties. This phenomenon was due to 3D [13] a simplified bi-layer material model was chosen; an inner ferrite core and an outer 129 martensitic crown, which described the average behaviour for all the remaining layers, see Figure   130 6. The inner core diameter was calibrated by means of the experimental data presented before. 
Fatigue model description
175
Fatigue analyses were performed using a specific stress range, which was referred to the whole 176 cross-section (using uncorroded nominal diameter and circular idealised cross-section 177 hypothesis). Raw materials were considered, i.e. the variation of the mechanical properties due to 178 corrosion was not considered in fatigue analysis. The maximum and the minimum stresses at 179 every fibre in the cross-section were determined after each analysis. Then, the number of resisted 180 cycles of each fibre submitted to the defined stress range could be obtained.
181
By modifying the number of cycles resisted by each fibre, the effect of the applied mean stress 182 was considered, i.e. two fibres subjected to the same stress range resisted different number of 183 cycles depending on the applied value. In addition, the reduction of the resisted cycles with 184 the temperature, was also considered.
185
Palmgren-Miner, Eq. 3, was used to define the damage state of each fibre after every load step (i).
186
(3) =
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Where N was the cycle resisted number, n the number of times the applied stress range was and d 188 the fibre damage state index. The damage was accumulated during every load step. When the 189 fibre achieved damage index 1, it was considered broken, and it was removed from the cross- 
Accelerated corrosion 200
The experimental work used for calibration purposes encompassed more than 180 specimens 201 submitted to accelerated corrosion and thereafter tested under monotonic and cyclic loads. In Eq. 4 Fe is the atomic mass, z is the steel valence that is taken as equal to two and F is 
Pit characteristics sensitivity, depth, length and angle influence
297
A sensitivity study of the principal variables that defined the idealized pit shape was performed. higher degrees of corrosion presented higher differences. Nevertheless, the differences between 309 the various angle apertures used were less than 5%. Strains showed a slightly higher scatter 310 behaviour. Such behaviour was attributed to the higher impact of the amount of steel area 311 reduction due to pitting than to the impact of the pit's shape, when it is referred to the tensile 312 mechanical properties. The same analysis was performed to study the pit length sensitivity. According to the relationships described in Figure 15 , the critical pitted cross-section was 326 defined, and the notch performed. The different cross-section meshes that resulted after the 327 application of the above criteria are represented in Figure 16 . 
342
Fatigue strength is gradually reduced with respect to the degree of corrosion. However, the 343 fatigue limit was maintained constant at 30 MPa indistinctly the degree of corrosion was, at least 344 up to 25% degree of corrosion, which is a very high value.
29
An important reduction of the tensile mechanical properties described in the σ-ε curves presented In Figure 19 is described the effect of the pit depth for two different corrosion degrees, 10% and higher scatter than the other tested stress ranges. More data would be required to perform a better 
Conclusions
408
A mechanical model to evaluate the effect of steel reinforcement corrosion on σ-ε and fatigue 409 behaviour has been extended and presented. Corrosion phenomena has been implemented using 410 an idealized pitted cross-section.
411
The main conclusions of the presented work are described in the next points:
412
-The experimental study showed a non-uniform distribution of the material properties 
